Background: Apoptosis is a key feature in postinfarction remodelling leading to progressive myocyte loss. Both proapoptotic and antiapoptotic factors contribute to the delicate balance between death and survival. The survivin pathway has emerged as essential in the control of apoptosis, although its role in heart disease is unknown. Aim: To evaluate survivin expression after acute myocardial infarction (AMI). Methods: Survivin expression was assessed immunohistochemically in the peri-infarct and remote viable myocardium in 17 consecutive patients who died 1-30 weeks after AMI and in four control hearts. Results: Survivin was expressed by myocytes in the peri-infarct area in eight patients and in the remote region in 13 patients. The rate of survivin expression after AMI was significantly higher in the remote versus peri-infarct regions and compared with control hearts. Its expression was inversely associated with the presence of dilated cardiopathy and of apoptosis, independently from the gross pathology infarct size. Conclusions: Survivin myocardial expression after AMI may be associated with the survival of at risk myocardium and may be indicative of more favourable remodelling after AMI. These findings identify a potential new target for the treatment of postinfarction remodelling.
A poptosis is a distinct form of cell death that contributes to the active removal of irreversibly damaged or redundant cells in both physiological and pathological processes, such as myocardial ischaemia and infarction. 1 2 Recent studies have highlighted the key role of apoptosis in the postinfarction remodelling that leads to progressive myocyte loss in the peri-infarct and remote myocardial regions. 1 2 Both proapoptotic and antiapoptotic factors contribute to the delicate balance between programmed cell death and survival. 2 The survivin pathway has emerged as an essential cellular antiapoptotic mechanism in the control of the upstream initiation of mitochondrial dependent apoptosis. 3 4 Survivin is a cytoplasmic protein that exerts an as yet undefined action on mitochondria, leading to resistance to apoptosis. 3 ''The survivin pathway has emerged as an essential cellular antiapoptotic mechanism in the control of the upstream initiation of mitochondrial dependent apoptosis'' Although survivin is not expressed in normal differentiated tissues, it is often highly expressed in cancer, where it behaves also as a promitotic factor controlling chromosome congression and spindle microtubule function. [3] [4] [5] Therefore, survivin is not (or only mildly) expressed in the normal heart, [3] [4] [5] although the role of survivin in acute myocardial infarction (AMI) has received little attention to date. Therefore, the aim of our study was to evaluate survivin expression in the peri-infarct viable myocardium at risk in patients who died 1-30 weeks after AMI, and to correlate survivin expression with signs of unfavourable remodelling, cardiomyocyte apoptosis, and ischaemia.
METHODS
Survivin expression in cardiomyocytes in the peri-infarct and remote myocardium was assessed by means of immunohistochemistry in 17 consecutive patients selected at postmortem examination who had suffered an AMI 1-30 weeks before death, and who had no clinical or pathological evidence of reinfarction. Four patients with no history of heart disease and a non-cardiac cause of death were selected as controls.
Pathology samples were taken in the peri-infarct and remote viable myocardium. The expression of survivin was assessed by immunohistochemistry performed on 5 mm sections of formalin fixed, paraffin wax embedded tissues. Dewaxed sections were first treated in citrate buffer (pH 6.0) in a microwave oven at 900 W for 15 minutes for antigen retrieval, and then immunohistochemistry was performed by a streptavidin-biotin-peroxidase system using a commercial kit (UCS Diagnostic, West Logan, Utah, USA), according to the manufacturer's instructions. Rabbit polyclonal antisurvivin (ABcam, Cambridge, UK) was used as the primary antibody at a 1/1000 dilution. Sections were counterstained with haematoxylin and mounted. Rabbit preimmune serum replaced the primary antibody as a negative control for nonspecific staining. The stained sections were observed using a light microscope and positivity was determined by cytoplasmic staining. Survivin expression was evaluated qualitatively (as positive or negative), and if positive graded on the median number of positive cells in each field and expressed as a percentage (survivin expression index).
Signs of unfavourable cardiac remodelling were sought at necropsy. Eccentric non-compensatory cardiac dilatation was defined as an increased transverse diameter, an increase of the transverse diameter to left ventricle (LV) free wall thickness (greater than 9), and LV wall thickness ( 11 mm, as described previously. 6 Infarct size at gross pathology was expressed as per cent of the LV circumference.
Apoptosis in myocytes was assessed by double staining for DNA fragmentation (terminal deoxynucleotidyl transferase mediated dUTP nick end labelling) and activated caspase 3, as described previously. 6 7 Because of the potential role of hypoxia in mediating survivin expression, we compared the expression of two hypoxia sensitive markers (hypoxia inducible factor 1a (HIF-1a) and cyclooxygenase 2 (COX-2)) 8 9 with survivin expression. HIF-1a nuclear expression and COX-2 cytoplasmic expression were assessed by immunohistochemistry, as described previously. 8 9 Furthermore, the inflammatory infiltrate was assessed as the number of activated inflammatory cells (expressing the human leucocyte DR antigen) for each unit area using immunofluorescent probes and confocal microscopy, as described previously. 10 
RESULTS
The median time from AMI to death was 25 days (range, 10-210). The median infarct size was 25%. Symptomatic heart failure was present in 10 patients. Trauma was the cause of death in three patients. All patients had at least one significant comorbidity including respiratory failure (nine), gastrointestinal bleeding (seven), sepsis (six), and stroke (four). Figure 1 shows survivin expression in cardiomyocytes in peri-infarct and remote regions ( fig 1A, B) . The survivin expression index was significantly higher in the remote compared with the peri-infarct regions (median, 10% (range, 5-25%) v 0% (0-20%); p = 0.016) and compared with control hearts (median, 0% (0-2%); p = 0.035; fig 1C) . Survivin expression was seen in eight of the 17 patients with AMI in the peri-infarct area and in 13 of the 17 patients in the remote region, whereas mild staining only was seen in one of the four control cases (p = 0.081; fig 1D) . Four patients with AMI (24%) did not express survivin in either the peri-infarct or remote regions.
No significant correlation was found between infarct size and survivin expression. Survivin expression in the periinfarct region was seen less often in patients with eccentric cardiac dilatation (21% v 73% in those without eccentric cardiac dilatation; p = 0.007), and hearts that did not express survivin had greater cardiac diameters than those that did (p = 0.031; fig 1D) . Furthermore, a significant inverse correlation was found between the survivin expression index and the apoptotic rate (R = 20.40; p = 0.020), and those hearts lacking survivin expression had higher apoptotic rates both at the infarct site (median, 11.4% (range, 8.5-14.5%) v 2.3% (0.5-11.5%); p = 0.041) and in the remote areas (median, 1.3% (range, 0.4-4.0%) v 0.3% (0.3-0.5); p = 0.037; fig 1D) . No mitotic features were seen.
Because of the potential role of hypoxia in mediating survivin expression, we correlated the expression of HIF-1a and COX-2 with that of survivin. HIF-1a expression was found in nine and COX-2 in six of the 17 myocardial samples. No correlation was found between HIF-1a or COX-2 and survivin expression. Furthermore, no correlation was found between the number of infiltrating inflammatory cells and survivin expression.
DISCUSSION
Our study is the first to show myocardial expression of survivin in the human heart after AMI. It also shows that survivin expression is higher in the remote unaffected regions Hearts with a lack of survivin expression both in the peri-infarct and the remote regions had greater cardiac diameters and showed higher apoptotic rates, both at the infarct site and in the remote areas, when compared with those that expressed survivin.
than in the peri-infarct myocardium, and its expression is inversely correlated with the presence of myocyte apoptosis. Furthermore, survivin expression in the peri-infarct myocardium identified a group of subjects with a more favourable remodelling pattern after AMI, suggesting that survivin may be associated with survival of at risk myocardium in patients with AMI. Notably, survivin expression was unrelated to the initial insult, as shown by the lack of correlation between survivin expression and gross pathology infarct size. Although cardiac remodelling is a global process and apoptosis affects both peri-infarct and remote regions, neither apoptosis nor survivin expression is equally distributed, and the greater survivin expression in the remote regions may explain the lower apoptotic rate as a result of the more favourable balance between proapoptotic and antiapoptotic factors.
''Survivin expression in the peri-infarct myocardium identified a group of subjects with a more favourable remodelling pattern after acute myocardial infarction''
The survivin pathway has recently emerged as a multifaceted and essential cellular mechanism controlling chromosome congression, spindle microtubule fusion, and also the upstream initiation of mitochondrial dependent apoptosis. 3 4 This pathway has been mainly investigated in neoplastic disease, in which survivin expression is considered an unfavourable prognostic factor because it provides increased resistance to apoptosis in cancer cells. [3] [4] [5] Therefore, most of the interest in the survivin pathway has been related to the potential to develop treatments that could ultimately counteract survivin expression (that is, protein inhibitors, vaccines) and favourably affect prognosis. Although this may be the case for neoplastic diseases, it may not be so for heart disease. Recent studies pointed out the potential beneficial role of survivin in preventing endothelial apoptosis, thus favouring neoangiogenesis in myocardial ischaemia. 11 Furthermore, the increased resistance to apoptosis conferred by survivin may be a beneficial physiological response by cardiomyocytes, which face several proapoptotic stimuli. Acute survivin expression has recently been reported in the rim of peri-infarct myocardium surviving the acute stages of AMI (viable myocardium at risk) in an experimental rat model. 12 Accordingly, several reports (including ours) show that, notwithstanding the significant increase of proapoptotic stimuli in the remote myocardium (that is, ischaemia, increased wall stress, soluble proapoptotic mediators), most cells in both the peri-infarct and remote myocardium retain their viability. Several alterations indicative of the initial stages of apoptosis (such as increased bax to bcl-2 ratios and caspase 3 expression) have been described in hearts with recent AMI, but only a small proportion of cells that are prone to undergo apoptosis show signs of irreversible damage. 13 14 Thus, a complex network of events affecting the rate of apoptosis and, possibly, stem cell mobilisation, in the weeks and months after the acute coronary event might play a key role in determining the magnitude of cardiac dysfunction and, ultimately, prognosis.
The stimuli that induce survivin expression are still unknown. Because of the potential role of ischaemia in inducing survivin expression, we compared the expression of survivin with two hypoxia sensitive markers (HIF-1a and COX-2). 8 9 We were unable to show a significant association between survivin and evidence of tissue ischaemia in our model, suggesting (although not proving) the existence of other stimuli for survivin expression. Moreover, no correlation was found between survivin expression and the number of infiltrating inflammatory cells, or with a specific cause of death.
The small sample size and lack of evidence of a causeeffect link between survivin expression and apoptosis, and incomplete assessment of myocyte regeneration are limitations to our present study; however, our data show for the first time that survivin is expressed in the peri-infarct and remote myocardium in human hearts after AMI, suggesting that survivin expression may represent a mechanism by which myocytes at risk of apoptosis retain their viability. Further studies assessing the role of survivin in the heart, the mechanisms of its upregulation, the implications of survivin expression for apoptosis and regeneration of myocytes, and the potential therapeutic enhancement of survivin expression may be of value in preventing postinfarction remodelling and heart failure. P reliminary results from a Dutch study suggest that a commercial assay for chlamydial heat shock protein 60 (cHSP60) predicts severity of infection in women. At the very least the assay should ensure comparable results among laboratories. Investigators tested the assay with serum from women well defined for Chlamydia trachomatis infection and disease of the fallopian tubes against results previously obtained with a CT-pELISA IgG assay. Three groups were tested: 21 women confirmed to have no tubal disease (group 1), 86 pregnant women with unknown tubal disease (group 2), and 21 women with confirmed tubal disease (group 3).
The cHSP60 assay performed similarly to the IgG assay, identifying a rising proportion of positives across groups 1-3 (cHSP60: 5%; 16%; 27%; IgG: 19%; 40%; 64%, respectively), which increased for subgroups positive in the IgG assay (25%, 35%, and 43% across groups 1-3), though the trend was not significant. In the IgG negative subgroup, in group 2, the assay produced only 4% positives. Median titres in the cHSP60 assay increased across groups 1-3, as expected for a response linked to disease severity. However, the new assay may identify a different subgroup as it identified only 40% of women with confirmed tubal disease positive in the IgG assay.
In house cHSP60 assays are widely used to detect C trachomatis infection, and their potential for predicting disease severity has driven the need for a standardised commercial assay. Further testing-of more subjects with different degrees of disease-will be needed to confirm its potential.
